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Obijectives: To evaluate inter-observer agreement for microscopic measurement of inflammation in synovial
tissue using manual quantitative, semiquantitative and computerised digital image analysis.

Methods: Paired serial sections of synovidl tissue, obtained at arthroscopic biopsy of the knee from patients
with rheumatoid arthritis (RA), were stained immunohistochemically for T lymphocyte (CD3) and macrophage
(CD68) markers. Manual quantitative and semiquantitative scores for sub-lining layer CD3+ and CDé8+ cell
infiltration were independently derived in 6 international centres. Three centres derived scores using
computerised digital image analysis. Infer-observer agreement was evaluated using Spearman’s Rho and
intraclass correlation coefficients (ICCs).

Results: Paired tissue sections from 12 patients were selected for evaluation. Satisfactory inter-observer
agreement was demonstrated for all 3 methods of analysis. Using manual methods, ICCs for measurement of
CD3+ and CD68+ cell infiltration were 0.73 and 0.73 for quantitative analysis and 0.83 and 0.78 for
semiquantitative analysis, respectively. Corresponding ICCs of 0.79 and 0.58 were observed for the use of
digital image analysis. All ICCs were significant at levels of p<<0.0001. At each participating centre, use of
computerised image analysis produced results that correlated strongly and significantly with those obtained
using manual measurement.

Conclusion: Strong inter-observer agreement was demonstrated for microscopic measurement of synovial
inflammation in RA using manual quantitative, semiquantitative and computerised digital methods of analysis.

tissue is employed globally by centres working in

the field of arthritis research.' Adequate and com-
parable synovial tissue can be safely obtained using blind-
needle biopsy or rheumatological arthroscopy.*™ In the acquired
samples, various parameters may be examined, including
cell populations, vascularity, cytokines and adhesion mole-
cules. In rheumatoid arthritis (RA), many of these have been
found to relate to disease activity, severity, outcome, and to
exhibit a change after treatment with corticosteroids, disease-
modifying antirheumatic drugs (DMARDs) and biological
therapy.”™”

Several analysis techniques have been employed to measure
these parameters. Semiquantitative analysis is a relatively
quick method and therefore may facilitate examining large
quantities of tissue.” Quantitative analysis is time-consuming
but more sensitive than semiquantitative scoring to change
in individual patients.'® It has been shown in previous studies
that these methods can reflect overall joint inflammation
when applied to relatively limited amounts of synovial tissue,
even though inflammation may differ widely between indivi-
dual sites in a single joint.”" Computerised digital image
analysis has been applied more recently in this area and has
been shown to correlate well with conventional methods of
measurement.”>

This multi-centre study was undertaken to standardise and
validate the methods mentioned previously by evaluating inter-
observer agreement between multiple examiners in the
measurement of selected parameters of inflammation in RA
synovial tissue by manual quantitative, semiquantitative and
computerised image analysis.
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This further supports the deve|opment of these methods as outcome measures in RA.

METHODS

Preparation of synovial tissue

Samples of synovial tissue were obtained at knee arthroscopy
from 12 patients with active RA. In each patient, multiple
synovial biopsies (at least 6) were taken throughout the knee
joint under local anaesthesia using a 2.7-mm arthroscope and
2.8-mm universal biopsy forceps (Karl Storz, Tuttlingen,
Germany). Biopsy tissue was prepared for analysis as previously
described.” In brief, the tissue samples were snap-frozen
together en bloc in Tissue-Tek OCT (Miles Diagnostic
Division, Elkhart, IN) by immersion in methylbutane
(—70°C). Frozen blocks were stored in liquid nitrogen until
sectioned for staining. Five-micron sections were cut in a
cryostat and mounted on glass slides. The slides were fixed in
acetone at room temperature for 10 min and stored at —70°C
until the immunohistochemical analysis was performed.

After thawing for 20 min at room temperature, serial sections
were stained with 2 monoclonal antibodies: anti-CD3 (Leu-4,
Becton-Dickinson, San Jose, CA), which stains T lymphocytes,
and anti-CD68 (EBMI11, Dako), which stains tissue macro-
phages. A standard three-stage immunoperoxidase method was
used and was followed by counterstaining with haematoxylin.”

Microscopic analysis of synovial tissue

Paired serial sections of synovial tissue from the 12 patients
were selected for analysis. One section from each patient was
examined for the presence of CD3+ and CD68+ cells. Twenty-
four tissue sections (12 slides) were coded and circulated to

Abbreviations: DMARD, disease-modifying antirheumatic drug; ICC,
intraclass correlation coefficient; RA, rheumatoid arthritis
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cach participating centre for measurement of synovial sublining
layer CD3+ and CD68+ cell infiltration. Rheumatology units in
six cities took part in the study: Amsterdam, Dublin, Leeds,
Philadelphia, Stockholm and Sydney. A single examiner from
each centre performed the analysis (note: in Amsterdam, SQ
was done by 2 independent assessors). Each examiner was
blind to the results obtained at other centres. No formal prior
communication or meeting initially took place between centres
to agree on or train together in the use of the scoring systems
employed.

Manual scoring techniques

Sections were examined under 400x magnification using a
graticule, and all suitable high-powered fields (HPF) in each
section were examined. The number of positively stained cells
in every HPF was recorded, and quantitative scores for mean
CD3+ and CD68+ cells per HPF were derived for each slide. A
semiquantitative analysis of sub-lining layer infiltration was
also performed for each section using a 5-point scale, as
previously described (0 = minimal infiltration, 4 = infiltration
by numerous positively stained cells).” This scale is calibrated
separately for each cellular marker, as the 2 cell types under
scrutiny occur with different relative frequencies in RA
synovium.

After an initial interim analysis, this exercise was repeated
after standardisation of scoring methods. Specifically, it was
emphasised that examiners should ignore synovium without
intact lining layer, or in which fibrous sub-synovial connective
tissue predominated. Reference photomicrographs representing
semiquantitative grades 0—4 for CD3+ and CD68+ infiltration
were also circulated to each examiner prior to the second round
of scoring. Due to tissue degradation over time, 2 centres
(Amsterdam and Philadelphia) were unable to assess the tissue
sections on a second occasion.

Computerised digital image analysis

Of the 6 centres participating in the study, 3 (Amsterdam,
Dublin and Stockholm) subjected the tissue samples to
computerised digital image analysis. The techniques employed
in Amsterdam and Stockholm were as previously described.”' **
The methods used in Dublin are described here in brief. For
each tissue section, a single low-powered-field image was
acquired on an Olympus Bx51 microscope, captured using a
video camera (Sony, Tokyo, Japan), and digitised using a 16-bit
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colour video digitiser card. The resultant colour images were in
a 1392 x1040 pixel RGB format with 24-bit resolution. For each
acquisition session, the microscope, camera and computer were
calibrated according to a standardised procedure. The images
obtained were stored as tagged image file format (TIFF)
graphics files. Image acquisition, modification and analysis
were performed using AnalySIS software (Soft Imaging
Systems, Denver, CO) and a personal computer with Intel
Pentium III 800-MHz processor and Windows™ 2000
Professional Version 5.0.2195 environment. For each of CD3
and CD68, separate threshold RGB values were specified for
total tissue (blue or brown) and for positive stain (brown).
These threshold values remained constant throughout the
analysis of sections stained with each antibody. For each digital
image, regions other than the intact sub-lining layer were
manually erased, and an automated macro routine calculated
the percentage of sub-lining tissue occupied by positively
stained cells.

Statistical analysis

Correlation statistics (Spearman’s Rho) were calculated
between pairs of centres for each method, and between paired
scoring methods for each centre. Single-measure intraclass
correlation coefficients (ICCs) were calculated to evaluate
overall inter-centre agreement, using a two-way mixed effects
model. All statistical calculations were performed using SPSS
software (version 10.0). Values for p of less than 0.05 were
taken as significant.

RESULTS

Agreement between reader pairs

Inter-centre correlation statistics for each of the 3 methods of
measurement evaluated in the study are presented in tables 1-
3. A range of inter-observer r-values was observed for
quantitative (r =0.66-0.97), semiquantitative (r = 0.64-0.97)
and computerised digital image analysis (0.49-0.92). For the 2
manual methods of measurement, almost all inter-centre r-
values were highly statistically significant (p<<0.01) for both
CD3+ and CD68+ infiltration. All possible reader pairs demon-
strated agreement that was significant at levels of p<<0.05. For
quantitative analysis (table 1), the mean inter-observer r values
before and after the standardisation exercise were, respectively,
0.87, 0.89 for CD3+ and 0.84, 0.85 for CD68+ infiltration.
Corresponding mean inter-centre r values of 0.84, 0.86 and

Table 1 Inter-centre correlations for quantitative synovial sublining CD3+ and CD68+ Infiltration scores
Ams Dub Lee Phi Sto Syd
Ams
Round 1 = 0.83** 0.92** 0.79** 0.97** 0.88**
Round 2 -
Dub
Round 1 0.75** = 0.80** 0.77** 0.81** 0.68*
Round 2 = 0.89** 0.89** 0.85*
Lee
Round 1 0.67* 0.87** = 0.91* 0.95** 0.94**
Round 2 0.89** 0.78** 0.91*
Phi
Round 1 0.72* 0.89** 0.87* = 0.85** 0.87**
Round 2 -
Sto
Round 1 0.80** 0.91** 0.87* 0.97* = 0.88**
Round 2 0.91* 0.89* = 0.80**
Syd
Round 1 0.66* 0.85* 0.87* 0.91* 0.87* =
Round 2 0.94* 0.80** 0.92** =
*5<0.05; *p<0.01.
Bold numbers represent CD68+ correlations, and non-bold numbers represent CD3+. Values are Spearman’s Rho. Ams, Amsterdam; Dub, Dublin; Lee, Leeds; Phi,
Philadelphia; Sto, Stockholm; Syd, Sydney. Rounds 1 and 2 refer to scoring undertaken before and after a standardisation exercise, respectively.

www.onnrheumdis.com



1658

Rooney, Bresnihan, Andersson, et al

Table 2 Inter-centre correlations for semiquantitative synovial sublining CD3+ and CDé68+ infiltration scores
Ams Dub Lee Phi Sto Syd
Ams
Round 1 = 0.74* 0.76** 0.68* 0.69* 0.75*
Round 2 -
Dub
Round 1 0.86** = 0.89** 0.91* 0.89** 0.87**
Round 2 = 0.79* 0.78* 0.81* 0.98**
Lee
Round 1 0.64* 0.88** = 0.91* 0.94** 0.76**
Round 2 0.72* = 0.89** 0.71* 0.79*
Phi
Round 1 0.72** 0.88** 0.75* = 0.92** 0.80**
Round 2 0.78* 0.85* = 0.78** 0.76**
Sto
Round 1 0.68** 0.86** 0.76* 0.79* = 0.73*
Round 2 0.79* 0.90* 0.93** = 0.83*
Syd
Round 1 0.82* 0.94* 0.77* 0.88** 0.87** =
Round 2 0.86** 0.90* 0.88** 0.97** =
*5<0.05; *p<0.01.
Bold numbers represent CD68+ correlations, and non-bold numbers represent CD3+. Values are Spearman’s Rho. See table 1 for further definitions.

0.86, 0.81 were observed for semiquantitative scoring (table 2).
In general, computerised digital image analysis of both tissue
markers agreed well between the 3 participating centres
(table 3). All r-values for inter-centre CD3+ scores exceeded
0.90 and were highly significant (p<<0.01). The correlation
coefficient for digital image analysis of sub-lining CD68
infiltration failed to reach statistical significance for one reader
pair only (Amsterdam, Stockholm), whereas the 2 remaining
pairs of centres derived scores that agreed well, with r values
>0.70 and high levels of statistical significance.

Inter-observer agreement across all centres

Intraclass correlation coefficients for manual quantitative,
semiquantitative and digital image analysis of CD3+ and
CD68+ infiltration were derived from the scores generated by
all participating centres and are presented in table 4. Highly
significant (p<<0.0001) inter-observer ICCs were observed
irrespective of the method used or the tissue marker being
measured. While agreement using manual quantitative analysis
improved modestly following explicit standardisation of scoring
techniques, from 0.61 to 0.73 for CD3+ and from 0.67 to 0.73 for
CD68+, ICCs for semiquantitative analysis changed in a variable
manner in the second round of scoring, from 0.80 to 0.83 for
CD3+ and from 0.87 to 0.78 for CD68+ infiltration.

Agreement between computerised and manual methods
At each centre employing digital image analysis, computerised
measurement of synovial sub-lining CD3+ and CD68+ infiltra-
tion agreed well with both the quantitative (fig 1A) and
semiquantiative manual techniques (fig 1B). Correlation
coefficients between digital and manual methods ranging as

Table 3 Inter-centre correlations for scoring of synovial
sublining CD3+ and CDé68+ infiltration using digital image
analysis

Ams Dub Sto
Ams - 0.71* 0.49
Dub 0.92** - 0.76*
Sto 0.92* 0.90** -

*5<0.05; *p<0.01.

Bold numbers represent CD68+ correlations, and non-bold numbers
represent CD3+. Values are Spearman’s Rho. See table 1 for further
definitions.
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high as r = 0.98 were observed. All r values were statistically
significant (p<<0.05), and the majority (10 of 12) were highly
significant (p<<0.01).

DISCUSSION

This study is the first to systematically evaluate the concept of
inter-observer agreement for microscopic measurement of
inflammation in synovial tissue beween globally distributed
research centres. The current literature describes single centre
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Figure 1 Agreement between 3 methods of computerised digital image
analysis and (A) quantitative, (B) semiquantitative manual techniques for
measurement of synovial sub-lining CD3+ and CDé68+ infiltration. Ams,
Amsterdam method; Dub, Dublin method; Sto, Stockholm method.
*p<0.05; **p<0.01.
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Table 4 Overall level of interobserver agreement for measurement of synovial sublining CD3+ and CDé8+ infiltration employing
manual quantitative and semiquantitative methods and using digital image analysis

Quantitative Semiquantitative Digital image analysis
CD3+ CD68+ CD3+ CD68+ CD3+ CD68+
ICC* 0.79 0.58
All centres
Round 1 0.60 0.50 0.80 0.84
Centres participating in
second analysis
Round 1 0.61 0.67 0.80 0.87
Round 2 0.73 0.73 0.83 0.78

*p<<0.0001 for all ICCs presented.

respectively. See text for further details.

ICC, intracless correlation coefficient. For manual methods of measurement, ICCs are presented separately for 2 separate analyses undertaken before (round 1) and
after (round 2) inter-reader standardisation of scoring techniques. Quantitative and semiquantitative round 2 data were available from 4 and 5 of the total of 6 centres,

studies that have never addressed comparison between sites.
Interobserver agreement for measurement of synovial para-
meters other than sublining layer CD3+ and CD68+ infiltration
was not evaluated. The 12 paired tissue sections used in this
study were selected to include a wide range of synovial
inflammation. This variation was reflected in the immunohis-
tochemical scores obtained, with some slides consistently
showing little, and others extensive, cellular infiltration. Each
participating centre had extensive experience in this area, and
had participated together in over 10 years of concerted
collaborative work towards developing and validating these
methodologies. Excellent, highly significant inter-observer
agreement was demonstrated for both quantitative and
semiquantitative manual analysis of both cellular markers
quantified. An additional explicit inter-reader standardisation
exercise was of some value for manual quantitative but not
semiquantitative analysis. The changes in inter-reader agree-
ment that were observed following this step were modest. It
seems probable, therefore, that understanding of the scoring
methods had been satisfactorily consistent across centres from
the study’s outset.

The evaluation of the performance characteristics of 3
methods of computerised digital image analysis of synovial
tissue represented a further novel aspect of the study. At each
centre, computerised image analysis of the 12 tissue samples
circulated generated results that correlated strongly with those
obtained using manual measurement. In addition, the overall
general level of inter-method agreement for the 3 digital
systems was significant and satisfactory. The Amsterdam and
Stockholm methods did not correlate significantly for the
measurement of sub-lining CD68+ infiltration only. The former
centre has demonstrated a clear relationship between sub-
lining CD68+ cell infiltration and disease activity across a large
number of studies employing both effective and ineffective
therapies in RA, while a recent study from Stockholm did not
replicate this finding."* > There exist significant systematic
differences between algorithms and methodology applied in the
various image analysis systems used at the 3 centres, which
may explain these discrepant findings. For example, the
Amsterdam system utilises an algorithm that seeks to identify
and count individual CD68+ cells as units, whereas the Dublin
and Stockholm methods quantify CD68+ infiltration as the
percentage of tissue occupied by positive stain. Further
collaborative studies aimed at resolving these methodological
issues are presently under way.

Microscopic measurement of inflammation in synovial tissue
may be useful in identifying sensitive biomarkers of response to
novel therapies in RA and other types of arthritis.* This study is
the first to demonstrate clear agreement between several
geographically remote centres employing manual and digital

methods to measure T cell and macrophage infiltration in
synovial tissue. The present study further supports the
development of these methods as outcome measures for use
in clinical trials in rheumatology.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the assistance of Marianne Egstrom.

Authors’ affiliations

Terence Rooney, Barry Bresnihan, Martina Gogarty, Department of
Rheumatology, St. Vincent's University Hospital, Dublin, Ireland

UIf Andersson, Ann-Kristin Ulfgren, Rheumatology Research Laboratory,
Karolinska Hospital, Stockholm, Sweden

UIf Andersson, Ann-Kristin Ulfgren, Maarten Kraan, Paul P Tak, Division
of Clinical Immunology and Rheumatology, Academic Medical Centre,
Amsterdam, The Netherlands

H Ralph Schumacher, Department of Rheumatology, VA Medical Centre,
Philadelphia, USA

Douglas J Vedle, Rheumqfo|ogy Research Unit, University of Leeds, Leeds,
UK

Peter P Youssef, Department of Pathology, University of New South Wales,
Sydney, Australia

Competing interests: None declared.

REFERENCES

1 Bresnihan B, Tak PP, Emery P, Klareskog L, Breedveld F. Synovial biopsy in
arthritis research: five years of concerted European collaboration. Ann Rheum
Dis 2000,59:506-11.

2 Youssef PP, Kraan M, Breedveld F, Bresnihan B, Cassidy N, Cunnane G, et al.
Quantitative microscopic analysis of inflammation in rheumatoid arthritis synovial
membrane samples selected at arthroscopy compored with sqmp|es obtained
blindly by needre biopsy. Arthritis Rheum 1998;41:663-9.

3 Parker RH, Pearson CM. A simplified synovial biopsy needle. Arthritis Rheum
1963,6:172-6.

4 Kane D, Veale DJ, FitzGerald O, Reece R. Survey of arthroscopy performed by
rheumatologists. Rheumatology (Oxford) 2002;41:210-5.

5 Rooney M, Whelan A, Feighery C, Bresnihan B. Changes in lymphocyte
infiliration of the synovial membrane and the clinical course of rheumatoid
arthritis. Arthritis Rheum 1989;32:361-9.

6 Mulherin D, Fitzgerald O, Bresnihan B. Synovial fissue macrophage populations
and articular damage in rheumatoid arthritis. Arthritis Rheum 1996,39:115-24.

7 Tak PP, Smeets TJ, Daha MR, Kluin PM, Meijers KA, Brand R, et al. Analysis of
the synovial cell infiltrate in early rheumatoid synovial tissue in relation to local
disease activity. Arthritis Rheum 1997,40:217-25.

8 Youssef PP, Haynes DR, Triantafillou S, Parker A, Gamble JR, Roberts-
Thomson PJ, et al. Effects of pulse methylprednisolone on inflammatory mediators
in peripheral blood, synovial fluid, and synovial membrane in rheumatoid
arthritis. Arthritis Rheum 1997;40:1400-8.

9 Dolhain RJ, Tak PP, Dijkmans BA, De Kuiper P, Breedveld FC, Miltenburg AM.
Methotrexate reduces inflammatory cell numbers, expression of monokines and
of adhesion molecules in synovial tissue of patients with rheumatoid arthritis.
Br J Rheumatol 1998;37:502-8.

10 Cunnane G, Madigan A, Murphy E, FitzGerald O, Bresnihan B. The effects of
treatment with interleukin-1 receptor antagonist on the inflamed synovial
membrane in rheumatoid arthritis. Rheumatology (Oxford) 2001;40:62-9.

11 Tak PP, Taylor PC, Breedveld FC, Smeets TJ, Daha MR, Kluin PM, et al. Decrease
in cellularity and expression of adhesion molecules by anti-tumor necrosis factor

www.onnrheumdis.com



1660

alpha monoclonal antibody treatment in patients with rheumatoid arthritis.
Arthritis Rheum 1996;39:1077-81.

Taylor PC, Peters AM, Paleolog E, Chapman PT, Elliott MJ, McCloskey R, et al.
Reduction of chemokine levels and leukocyte traffic to joints by tumor necrosis
factor alpha blockade in patients with rheumatoid arthritis. Arthritis Rheum
2000;43:38-47.

Smeets TJ, Dayer JM, Kraan MC, Versendaal J, Chicheportiche R, Breedveld FC,
et al. The effects of interferon-beta treatment of synovial inflammation and
expression of metalloproteinases in patients with rheumatoid arthritis. Arthritis
Rheum 2000;43:270-4.

Haringman JJ, Gerlag DM, Zwinderman AH, Smeets TJ, Kraan MC, Baeten D, et
al. Synovidl tissue macrophages: a sensitive biomarker for response to treatment
in patients with rheumatoid arthritis. Ann Rheum Dis 2005;64:834-8.

Gerlag DM, Haringman JJ, Smeets TJ, Zwinderman AH, Kraan MC, Laud PJ, et
al. Effects of oral prednisolone on biomarkers in synovial tissue and clinical
improvement in rheumatoid arthritis. Arthritis Rheum 2004;50:3783-91.
Youssef PP, Smeets TJ, Bresnihan B, Cunnane G, Fitzgerald O, Breedveld F, et al.
Microscopic measurement of cellular infiltration in the rheumatoid arthritis
synovial membrane: a comparison of semiquantitative and quantitative analysis.
Br J Rheumatol 1998;37:1003—7.

Dolhain RJ, Ter Haar NT, De Kuiper R, Nieuwenhuis IG, Zwinderman AH,
Breedveld FC, et al. Distribution of T cells and signs of T-cell activation in the
rheumatoid joint: implications for semiquantitative comparative histology.

Br J Rheumatol 1998;37:324-30.

20

21

22

23

24

Rooney, Bresnihan, Andersson, et al

Bresnihan B, Cunnane G, Youssef P, Yanni G, Fitzgerald O, Mulherin D.
Microscopic measurement of synovial membrane inflammation in rheumatoid
arthritis: proposals for the evarlljaﬂon of tissue samples by quantitative analysis.
Br J Rheumatol 1998;37:636-42.

Hutton CW, Hinton C, Dieppe PA. Intra-articular variation of synovial

changes in knee arthritis: biopsy study comparing changes in

patellofemoral synovium and the mecfi/cﬂ tibiofemoral synovium. Br J Rheumatol
1987;26:5-8.

Cunnane G, Bjork L, Ulfgren AK, Lindblad S, FitzGerald O, Bresnihan B, et al.
Quantitative analysis of synovial membrane inflammation: a comparison
between automated and conventional microscopic measurements. Ann Rheum
Dis 1999,58:493-9.

Kraan MC, Haringman JJ, Ahern MJ, Breedveld FC, Smith MD, Tak PP.
Quantification of the cell infiltrate in synovial tissue by digital image andlysis.
Rheumatology (Oxford) 2000;39:43-9.

Kraan MC, Smith MD, Weedon H, Ahern MJ, Breedveld FC, Tak PP.
Measurement of cytokine and adhesion molecule expression in synovial tissue by
digital image analysis. Ann Rheum Dis 2001;60:296-8.

af Klint E, Grundtman C, Engstrom M, Catrina Al, Makrygiannakis D,
Klareskog L, et al. Intraarticular glucocorticoid treatment reduces inflammation in
synovial cell infiltrations more e%iciently than in synovial blood vessels. Arthritis
Rheum 2005;52:3880-9.

Bresnihan B, Baeten D, Firestein GS, Fitzgerald OM, Gerlag DM, Haringman JJ,
et al. Synovial tissue analysis in clinical trials. J Rheumatol 2005;32:2481-4.

Keep up to date: sign up for our alerting services

Find out automatically when an article is published on a specific topic or by a particular author.
We can also alert you when an article is cited or if an eletter or correction is published. You can
also choose to be alerted when a new issue is published online [and when we post articles Online
First]. Check out the New Content Alerts and Citation tracker from the Online tools section on the

home page.

www.cmnrheumdis.com



